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THE LEGENDARY “WHITE METAL” AND ITS “ORE” L/ 
By C. W. Davis2/ 
INTRODUCTION 


As a byproduct of its investigations, the Metallurgical Division of the 
Bureau of Mines, from time to time is requested to identify rocks that are 
usually submitted in good faith by prospectors, miners, and others who think 
they may contain elements of value. In the large majority of instances, cur- 
sory inspection or a few simple tests reveal the nature of the barren material, 
and the Bureau’s statement that the material is worthless is ordinarily ace 
cepted. Sometimes it is not so easy to convince the hopeful prospector, 
especially if he has made tests or has been told of experiments that apparently 
show the presence of some valuable substance. One of the most difficult 
persons to convince is the seeker of ‘‘white metal.’’ 


There is a legend that Mexicans and other old settlers in the Southwest 
knew of an ore that could be used to harden iron or steel. The usual procedure 
was to heat the metal in contact with the ore by means of a wood fire, then 
quench in water. Axles of springless wagons so treated were said to have been 
made “‘slass hard’’ and to weer two or three times as long as ordinary axles, 
and tires so treated were described as “‘ringing like a bell’? when suspended 
and struck with a hammer. This effect was believed tc be due to a “‘white 
metal’’ that was extracted from the ore and alloyed with the iron by the treat- 
ment. 


Although this story has never been shown to have had any basis in fact, 
it still appears from time to time under slightly different guises. Consequently, 


1/ Revision of I.C. 6000. The Bureau of Mines will welcome reprinting of 
this paper, provided the following footnote acknowledgment is used: 
“‘Reprinted from Bureau of Mines Information Circular 7205. 

2/ When Information Circular 6000 was written, the author was associate 
chemist, Rare and Precious Metals Experiment Station, Bureau of 
Mines, and the paper was prepared in ccoperation with the Mackay Schod 
of Mines, University of Nevada. When the circular was revised (October 
1941) the author was assistant chief, Metallurgical Division, Bureau of 
Mines. - | | | 
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various laboratories, at different times during the past 30 years, have received 
many kinds of rocks (designated as ores) that are supposed to give remerkable 
properties to metals, such as meking them glass hard, extremely tough, or 
resistant to corrosion. ‘The ““ores’’ submitted include altered diabase, olivine, 
pyroxenite, obsidian, basalt, amphibolite, pyritic quartzite, magnetite, 
tourrnaline, sandstone, and, in fact, almost every known rock. The majority 

of samples come from California and Nevada, but nearly all Western States 

are represented. 
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RESULTS OF TESTS 


In the method of treatment usually specified the metal is heated in 
contact with the rock for the expressed purpose of producing an alloy with 
the ‘‘white metal’’. Suggested heat-treating temperatures have ranged from 
200° F. to that of the electric arc. The favorite heating device is the black- 
smith’s forge. The extraction of the ‘‘white metal’’ (which, it was said, could 
be used directly in forming an alloy, for example, by putting a little ona 
knife blade and heating in a bunsen flames/ ) was Cescribed as having been 
performed by simply melting the ‘‘ore,’’ by melting it with fluxes, or by 
melting it with fluxes and a reducing agent. | 


In the past, laboratories of the Metallurcical Division have received 
various samples of this nature. Some of the semples were brought to the 
Bureau in person by the sponsor, who attempted to demonstrate his process. 
The results indicate that money expended for investigation cf the mysterious 
white metal and its ore would be wasted. 


Tests by the Bureau and other laboratories, following specified pro- 
cedures, usually have shown that the ores have no cutstanding hardening effect, 
although in a few tests case-hardening resulted either from heating the metal 
in contact with carbon, which was protected from oxidation by a coating of 
flux, or from the formation of a crude silicon alloy. Many ordinary fusible 
rocks, and even fluxes without rock, will give the same results. Some of the 
claims of glass hardness may be traced to an adherent nard slag that was 
mistaken for hardened metal. This coating frequently imparted increased 
resistance to corrosion. | 


3/ Investigated at the Mackay School of Mines. 
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For example, it was alleged that a particular powdered ore, when 
sprinkled on Norway iron and heated in a forge, would coat the metal with a 
lustrous, glass-hard, noncorrodible rnaterial and that the iron would change 
to steel. A treated specimen was submitted to the Bureau of Mines laboratory 
at Berkeley, California4/. Analysis showed the ore to be obsidian. A small 
bar of Norway iron was packed in the powdered mineral and heated electri- 
submerged part acquired a brilliant, silverlike luster but was not hardened 
or changed in any other way. Apparently, the effect was merely a thorough 
cleansing of the surface, which doubtless would be less corroded than a surface 
more or less coated with iron oxide. The alleged glass-hardness of the sub- 
mitted specimen was shown to be due to small masses of the fused mineral 
adhering to rough spots on the surface of the metal. 


In another test the ore was basalt, and very vositive claims were made 
for its hardening effect. In the attempted demonstration quarter-inch square 
bars of Norway iron were heated bright red in a forge and dipped in the 
powdered mineral, this process being repeated until the end of the bar was 
well-coated with slag. When quenched in water, the coated portion showed a 
lustrous surface, and when the bar was twisted this part was found to be slightly 
hardened. The effect, however, was due to case-hardening caused by particles 
of coke that were not only held in contact with the iron but also protected from 
oxidation by the coating of fused mineral. Many similar results have been 
readily explained, leading to the conclusion that claims concerning the action 
of these ores are largely unsound. 


Attempts to extract white metal from such ores, following specified 
directions, usually have failed to yield any metal, except when the treatment 
called for high-temperature fluxing with charcoal of a rock that contained 
considerable iron, in which instance a small quantity cf metallic iron was 
produced. Invariably, the specimens of white metal said to be melted from the 
ore were impure metals, mostly lead, copper, zinc anc iron, or simply slag. 
In testing some rocks it was founda that the lead had been introduced by fluxing 
the rock with charcoal in an old assay crucible that had contained a little 
Slag high in lead, which was reduced to metallic lead. In some specimens, the 
lead, copper, or zinc had been introduced as imourities in the fluxes used for 
treating the ore or by using a container in which these metals were present, 
fcr example, zinc from galvanized iron. 


It was claimed that one sample of pulverized ore (volcanic rock), wnen 
melted with flux in an electric arc with carbon electrodes, would produce 
white metal that would harden steel, iron, and copper. A test2 using a carbon 
ladle as container showed the white metal to be iron. 


4/ Investigated by L. M. Duschak. 
5/ Investigator, C. C. Anthony, San Francisco, Calif. (1925). 
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Another claim was that white metal could be produced by fusion ina 
carbon ladle as described, as well as by reduction in crucibles using fluxes 
and carbon. The product was said to harden copper or brass and to make 
cast iron malleable. Both of these methods were tested, using the carbon 
ladle6/ in one and clay crucibles with fluxes of soda and borax, with and 
without the addition of carbon in the other. Without carbon no metal was pro- 
duced. With carbon a small quantity of metallic iron, contained in the original 
ore, was produced. | | | 


In several other tests the only metal produced from the ore was iron 
reduced from the rock by heating with carbon. Lead that had been introduced 
during extraction of the metal, either from impure fluxes or from the slag 
retained in old assay crucibles, was another metal commonly found. 


One sample, extracted from a basic igneous rock, proved to be impure 
lead with a little tin and copper and resernbled skimmings from molten solder 
solder.// Another was impure lead8/ that came from the forge where babbitt 
had been spilled. Still another was virtually pure lead reduced from the 
fluxes used.2 


White metal said to be produced from limestone was found to be zinc, 
which probably came from a galvanized can that had been used. Varicus 
rocks whose virtues were ovresumed to be due to their content of platinum, 
vanadium, uranium or other rare metal had only the slightest traces of these 
metals or did not contain them at all. They were simply good fluxes and, 
as such, cleaned iron but had no power to alter its properties. Any incidental 
hardening probably was due to case-hardening of the iron by the coal, coke, 
wood, or other fuel used or by carbonaceous matter in the rock. In one test, 
when the pulverized ore (basalt) was heated according to specific directions 
in contact with iron in an electric arc, the iron became hard as a result of 
partial conversion to a crude silicon alloy. In another, a piece of iron, upon 
repeated dipping in a powdered ‘‘ore’’, heating, and cooling, developed a hard, 
lustrous surface. Undouotedly case-hardening resulted from heating the iron 
in the forge in contact with coke that was protected from oxidation by a coating 
cf slag formed by fusion of the powdered ‘‘ore’’. The same results were 
obtained by using a flux instead of the ‘‘ore’’. The surface of the metal speci- 
men submitted by the sponsor of the process contained small pieces of ad- 
herent slag that were capable of scratching glass. 


8/ Investigator, F. S. Mulock, chemical engineer, San Francisco, (1925). 
7/ Analyst, Fletcher Hamilton, State mineralogist, San Francisco, Calif. 


8/ Analyst, A. A. Hanks, chemist, assayer, and metallurgist, San Francisco, 
California. | : : 


9/ W.L. Piers, assayer and chemist, Denver, Colo. 
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A claim that a coating of white metal was found on the outside of an ah, 
ladle used to flux ore was investigated. The white metal proved to be slag. 
Other claims that a white metal had ‘‘eaten’’ its way through an iron shovel 
and plated the edges of the resulting hole were studied.t1/ The hole was 
caused by sulfides in the ores, which reacted with the iron of the shovel and 
made it brittle and by burning with the forge blast. The plating was tne 

result of the cleansing action of the flux, which left the iron bright and 
silverlike. 


CONCLUSION 


To summarize, it may be said that all authentic tests have given results 
that may be adequately explained by the usual properties of the materials 
used. It must be concluded, therefore, that the various unsubstantial claims 
that have been made were due to careless tests, to erroneous interpretation 
of tests, or to an attempt to defraud. Although under certain favorable con- 
ditions it is possible to effect a hardening or alloying action or to extract 
metallic iron from some rocks, the difficulty of obtaining reproducible results 
and of controlling the composition of the alloy would make the practicability 
of such procedures doubtful. Well-known methods are available that can be 
exactly controled. 


1, & Invest igator, H. W. Young, metallurgist, Palo Alto, Calif. (1925). 
Eakle, mineralogist, ’ Berkeley, Calif. 
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